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 Background: The aim of this study was to assess the correlation between selective growth restriction (sGR) and co-twin ute-
ro-placental perfusion discordance by using three-dimensional power Doppler (3DPD).
 Material/Methods: We prospectively recruited 60 sGR and 64 normal monochorionic-diamniotic (MCDA) twin pregnancies. 
Vascularization index (VI), flow index (FI), and vascularization flow index (VFI) were assessed by 3DPD, while 
umbilical artery pulsatility index (UA-PI), middle cerebral artery peak systolic velocity (MCA-PSV), pulsatility in-
dex (MCA-PI), and cerebroplacental ratio (CPR) were assessed by conventional Doppler imaging.
 Results: In sGR co-twins, the VI, FI, VFI, MCA-PI, and CPR were significantly lower, while the UA-PI and MCA-PSV were 
significantly greater, in the smaller fetuses compared with the larger fetuses; significant differences were also 
observed in the VI, FI, VFI, CPR, and UA-PI in normal co-twins. Compared with the appropriately grown twins, 
the discordances of the VI, FI, VFI, UA-PI, MCA-PI, and CPR were increased in the sGR cohort. The discordances 
of the VI, FI, VFI, UA-PI, MCA-PI, and CPR were associated with birthweight discordance, and the FI discordance 
and CPR discordance were independently associated with sGR. The combination of the FI and CPR discordance 
showed a higher predictive accuracy for sGR, with an area under the ROC curve of 0.813, and a sensitivity and 
specificity of 68.33% and 85.94%, respectively.
 Conclusions: MCDA twin pregnancies with birthweight discordance presented utero-placental perfusion deterioration as-
sessed by 3DPD prior to sGR diagnosis. Co-twin utero-placental perfusion discordance was significantly cor-
related with growth discordance, and this correlation was more predictive of sGR when 3DPD was combined 
with conventional Doppler imaging.
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Background
Selective growth restriction (sGR) complicates approximately 
20% of monochorionic-diamniotic (MCDA) twins [1]. sGR, main-
ly characterized by fetal estimated fetal weight (EFW) discor-
dance being associated with greater risks of intrauterine fetal 
demise and adverse neonatal outcomes for both offspring [2,3]. 
The ‘threshold’ for increased fetal mortality is controversial, 
with prospective series indicating a threshold increase in risk 
from an 18% difference in EFW on ultrasound [4], but most 
series indicating significant increase risk of single or co-twin 
demise when the % difference in EFW rises to 25% (and ab-
dominal circumference of one twin less than the 10th cen-
tile) [1]. As sGR frequently causes poor perinatal outcome, 
exploring a method to diagnose sGR early is clinically impor-
tant so that effective interventions can be carried out to im-
prove perinatal outcome.
sGR has been showed to be closely associated with impaired 
utero-placental perfusion [5,6]. For the non-invasive approach, 
previous studies evaluating utero-placental perfusion have 
used conventional Doppler ultrasound [6,7] to assess the um-
bilical artery and middle cerebral artery velocimetries. Since 
only severe fetal hypoxemia would result in classical abnormal 
Doppler velocity waveforms, mildly impaired perfusion prior to 
the onset of fetal compromise might not be determined in a 
timely manner [8]. Thus, using the conventional fetal Doppler 
ultrasound to predict placental perfusion deterioration is lim-
ited. A new approach allowing real-time assessment of utero-
placental perfusion is required.
Three-dimensional power Doppler ultrasound (3DPD) is an 
economical and non-invasive method that has allowed the re-
al-time assessment of utero-placental perfusion by quantita-
tively depicting the tissue vascularization and flow, especially 
for small vessels and slow flows [9]. Several studies on single-
ton pregnancies [10–13] have reported that decreased utero-
placental perfusion assessed by 3DPD was related to fetuses 
with malplacentation syndromes (i.e., intrauterine growth re-
striction, preeclampsia, or gestational diabetes).
Recent studies have demonstrated that sGR might be better 
evaluated by assessing co-twin discordance rather than indi-
vidual fetal sizes alone [14,15]. Early detection of flow discor-
dance may indeed improve the detection of sGR, as differenc-
es in vascularization of sGR twin placentae have been proved 
by dye injection [16]. To the best of our knowledge, only one 
small study [17] observed impaired placental perfusion in sGR 
using 3DPD. However, whether the unbalanced utero-placen-
tal perfusion is associated with birthweight discordance and 
whether 3DPD is a more effective method than conventional 
Doppler ultrasound to predict sGR remain unclear.
Therefore, the aim of this study was to investigate the relation-
ship between co-twin utero-placental perfusion discordance 
assessed by 3DPD and sGR. We hypothesized that this nov-
el technique might provide new insights into the association 
between utero-placental perfusion discordance and growth 
disorders, and provide evidence for the early diagnosis, bet-
ter clinical monitoring, and better evaluation of therapeutic 
effect and prognosis of this high-risk population.
Material and Methods
This study was a cross-sectional study of the Chongqing 
Longitudinal Twin Study (LoTiS) conducted at the Fetal Medicine 
Center of the First Affiliated Hospital of Chongqing Medical 
University in Chongqing, China between July 2016 and July 
2018. Twins at the time of first diagnosis of sGR (sGR group) 
at our center at a gestational age (GA) of 18 to 36 weeks were 
enrolled. The inclusion criteria of sGR group were as follows: 1) 
MCDA twin pregnancy; and 2) MCDA twin pregnancies with sGR. 
sGR was diagnosed when the EFW or birthweight of the smaller 
fetus/neonate was below the 10th percentile for the gestation-
al age and the EFW or birthweight discordance was more than 
25% between the fetuses/neonates [5]. Data only confirmed 
sGR after delivery was included. EFW or birthweight discordance 
was calculated using the following formula: (weight of larger 
– weight of smaller)/weight of larger×100%. According to the 
classification system [18], which was proposed by Gratacos and 
adopted by the newest International Society of Ultrasound in 
Obstetrics and Gynecology (ISUOG) practice guideline [5], based 
on the characteristics of the end-diastolic flow in the umbili-
cal artery of small fetuses, twins with sGR exhibit 3 waveform 
patterns: Type I (persistently positive), Type II (persistently ab-
sent or persistently reversed), and Type III (intermittently ab-
sent or intermittently reversed). Participants were excluded for 
the following reasons: 1) single or co-twin demise; 2) pregnan-
cy with a fetal abnormality, aneuploidy, or a genetic syndrome; 
3) pregnancy complicated with twin-to-twin transfusion syn-
drome or twin-anemia polycythemia sequence; and 4) the in-
ability to detect the placenta by 3DPD. Normal MCDA twins (a 
birthweight in the normal range), with matched maternal age 
and GA at ultrasound, were enrolled as a control group. The 
GA was determined according to the last menstrual period, the 
first-trimester crown–rump length (CRL), or the head circumfer-
ence of the larger twin when the first ultrasound examination 
was performed after 14 weeks of gestation. Chorionicity was 
determined by an ultrasound evaluation according to the num-
ber of placentae and the presence of a T-sign or lambda sign, 
and was confirmed after delivery. The reasons for termination 
of pregnancy included premature rupture of membranes, pre-
mature labor, fetal distress, pregnancies over 36 weeks, placen-
tal abruption, and placenta previa with hemorrhage. The indica-
tions for caesarean section included fetal distress, cephalopelvic 
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disproportion, placental abruption, placenta previa, and social 
factors, or other situations. Complications in pregnancy included 
gestational diabetes mellitus, intrahepatic cholestasis of preg-
nancy, and preeclampsia. If the above situations were serious, 
relevant therapies were provided.
Voluson E8 and E10 ultrasound instruments (GE Healthcare, 
Austria) were used with C4-8-D (4.0–8.0 MHz), C1-5-D 
(1.0–5.0 MHz) and RAB6-D (2.0–7.0 MHz) transducers. A com-
plete ultrasound measurement was performed by one experi-
enced observer (L.Z.) according to the International Society of 
Ultrasound in Obstetrics and Gynecology practice guideline [5]. 
Two-dimensional (2D) and 3DPD scans were performed in each 
examination. The umbilical artery pulsatility index (UA-PI), mid-
dle cerebral artery peak systolic velocity (MCA-PSV), and pul-
satility index (MCA-PI) were measured. The cerebroplacental 
ratio (CPR) was calculated as the ratio of the MCA-PI to the 
UA-PI. A visual inspection of the ductus venosus Doppler wave-
form was performed, and the presence of a reversed a-wave 
was recorded. The EFW was assessed according to the head 
circumference, the biparietal diameter, the abdominal circum-
ference, and the femur length using the Hadlock formula [19]. 
The placental cord insertion (PCI) site was categorized as nor-
mal, marginal, or velamentous [20]. If the PCI of the larger fe-
tus was normal and the PCI of the smaller fetus was marginal 
or velamentous, discordant PCI was considered.
After the 2D examination, the placental 3DPD assessment 
was performed. To acquire maximal sensitivity, the following 
settings were used: PRF: 0.6 kHz; Quality: norm; WMF: low 1; 
FRQ: low; Balance: 170; Filter: 2; Smooth: 4/5; and Artifact: on. 
The point of umbilical cord insertion was used as the center 
and the total placental thickness was scanned by 3DPD with 
a unified acquisition angle of 35°. The acquisition time varied 
from 5 to 15 s without fetal movements. All 3DPD data were 
subsequently processed to calculate the volume, vasculariza-
tion index (VI), flow index (FI), and vascularization flow index 
(VFI) using the Virtual Organ Computer-aided Analysis (VOCAL) 
technique. In each case, areas surrounding 3–5 cm of the um-
bilical cord insertion, including the basal, body, and surface ar-
eas of the placenta, were selected as the area of interest in 
each placental territory (Figure 1). Then, the manual mode was 
set and the area of interest for each placenta was manually 
traced by rotating 30 degrees 6 times. Finally, a histogram au-
tomatically showed the 3 vascular indices (Figure 2). VI refers 
to the color voxel/total voxel ratio and represents the pres-
ence of blood vessels in the placenta; FI refers to the average 
amplitude value of all color voxels and represents the blood 
flow intensity; and VFI refers to the weighted color voxel/to-
tal voxel ratio, combining the information on the vessel pres-
ence (vascularity) and the amount of blood cells transported 
(blood flow). Each twin pair was measured 3 times, and the 
mean values were calculated for the final statistical analysis. 
Co-twin discordances of UA-PI, MCA-PSV, MCA-PI, CPR, VI, FI, 
VFI, and CRL were defined as [(larger fetal value–smaller fetal 
value)/larger fetal value]×100%.
Statistical analyses
The normality of the data was determined by the Shapiro-Wilk 
test. Continuous variables are expressed as the mean±standard 
deviation for normally distributed data or as the median and 
interquartile range for non-normally distributed data. The data 
between the control group and sGR group were compared by 
an independent t test or a Mann-Whitney U test. Differences 
A B
Figure 1.  A representative volumetric image of placentas from selective growth restriction twins. Volumetric images of the utero-
placental perfusion of one monochorionic-diamniotic twin pregnancy with selective growth restriction (A smaller fetus and 
B larger fetus) at 30+4 weeks of gestation measured by three-dimensional power Doppler ultrasound. The yellow line refers 
to the whole placental tissue including the chorionic and basal plates.
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between co-twins were compared by a paired t test or a non-
parametric paired test. Categorical variables are expressed as 
absolute values with percentages and were compared by a 
Pearson’s chi-square test. Bivariate correlation analyses were 
performed to determine the relationship between the co-twin 
utero-placental perfusion indices (as well as the discordance), 
GA, and the birthweight discordance. Univariate and multi-
variate logistic regression analyses were performed to iden-
tify the predictive parameters for sGR. Based on the logistics 
model, we combined the probabilities. Sensitivity and spec-
ificity were calculated by a receiver operating characteristic 
curve (ROC) analysis. Thirty twins were randomly selected to 
evaluate the intraobserver and interobserver variation in the 
placental vascularization data post-processing. Intraobserver 
variation was examined by L.Z., and interobserver variation 
was examined by L.Z. and X.W. All p values were two-sided, 
and a value of <0.05 was considered statistically significant. 
Statistical analyses were performed with SPSS version 21.0 
(IBM Corporation, Armonk, NY, USA) and MedCalc version 
11.4.2 (MedCalc Software, Ostend, Belgium).
Ethics approval
The study was approved by the Ethics Committee of the First 
Affiliated Hospital of Chongqing Medical University (record num-
ber 201530). All women provided written informed consent.
Results
During the study period, 168 consecutive MCDA twin preg-
nancies were enrolled. Eleven twins with suboptimal images 
and 33 twins with missing outcome data were excluded. A to-
tal of 124 subjects were used for the final analysis (64 in the 
control group and 60 in the sGR group). In the sGR group, 42 
were type I, 18 were type II, and none were type III.
The clinical characteristics between the control group and the 
sGR group are presented in Table 1. Compared with the con-
trol group, the sGR group had an earlier delivery GA, a low-
er birthweight of both offspring, a higher CRL discordance, a 
higher birthweight discordance, and more Apgar scores <7 at 
1, 5, and 10 min (all p<0.05). No significant differences were 
found in maternal age, pre-pregnancy body mass index, pari-
ty, GA at ultrasound scan, PCI site, fertilization technique, de-
livery mode, or neonatal sex between the groups (all p>0.05).
The conventional Doppler and 3DPD utero-placental perfusion 
characteristics are presented in Table 2. In sGR co-twins, the 
VI, FI, VFI, MCA-PI, and CPR were significantly lower, while the 
UA-PI and MCA-PSV were significantly higher in the smaller fe-
tuses compared with the larger fetuses (all p<0.05). Significant 
differences were also observed in the VI, FI, VFI, CPR, and UA-
PI in normal co-twins (all p<0.05). No reversed a-wave was re-
corded in the ductus venosus Doppler flow profile in any of 
the subjects.
The conventional Doppler and 3DPD utero-placental perfusion 
discordances between the control group and sGR group are 
presented in Table 3. Compared to the controls, the discordanc-
es of the UA-PI, MCA-PI, CPR, VI, FI, and VFI were increased in 
the sGR group (all p<0.05). No differences were found in the 
discordance of the MCA-PSV (p>0.05).
The relationship between the GA at ultrasound scan, the 
conventional Doppler, and 3DPD parameters and their dis-
cordances were assessed in controls. There were significant 
correlations between the GA at ultrasound scan and UA-PI 
(r=–0.594, p<0.001), MCA-PSV (r=0.782, p<0.001), and CPR 
(r=0.583, p<0.001). However, no significant correlations were 
observed between the GA at ultrasound scan and VI (r=–0.155, 
p=0.222), FI (r=–0.066, p=0.606), VFI (r=–0.094, p=0.460), and 
MCA-PI (r=0.213, p=0.092) in the larger fetuses in controls. 
A B
Figure 2.  Histograms of the vascular indices. The vascular indices of the same monochorionic-diamniotic twin pregnancy with selective 
growth restriction (A smaller fetus and B larger fetus) at 30+4 weeks of gestation, shown as a histogram.
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Characteristics Controls	(n=64) sGR	(n=60) P-value
Maternal age (years)  27 (25.00–30.75)  27 (25.00–31.00) 0.356
Assisted reproduction [n (%)]  3 (4.7%)  5 (8.3%) 0.409
Prepregnancy body mass index (kg/m2)  21.09 (19.50–22.64)  20.95 (19.63–22.25) 0.697
Nulliparous [n (%)]  45 (70.3%)  42 (70.0%) 0.970
GA at ultrasound scan (wks)  25.67 (22.64–30.57)  27.86 (24.00–32.11) 0.147
GA at delivery (wks)  36.29 (35.33–37.14)  34.36 (33.04–36.00) <0.001
Caesarean section [n (%)]  59 (92.2%)  57 (95.0%) 0.524
Male [n (%)]  66 (51.6%)  60 (50.0%) 0.806
CRL discordance (%)  3.08 (1.69–6.80)  8.97 (2.73–13.81) 0.025
Discordant PCI [n (%)]  37 (57.8%)  37 (61.7%) 0.662
Birthweight of the larger fetus (g)  2474.39±331.85  2235.17±351.02 <0.001
Birthweight of the smaller fetus (g)  2140.94±336.09  1469.50±314.55 <0.001
Birthweight discordance (%)  14.19 (9.16–19.20)  32.80 (27.89–39.90) <0.001
Apgar <7 at 1 min [n (%)]  5 (3.9%)  44 (36.7%) <0.001
Apgar <7 at 5 min [n (%)]  1 (0.8%)  15 (12.5%) <0.001
Apgar <7 at 10 min [n (%)]  0 (0.0%)  6 (5.0%) 0.010
Table 1. Clinical characteristics of the subjects.
GA – gestational age; CRL – crown–rump length; PCI – placental cord insertion. The data are presented as the mean±standard 
deviation or as median (interquartile range) or number (percentage).
Indices
Controls	(n=64) sGR	(n=60)
Smaller fetus Larger fetus P-value Smaller fetus Larger fetus P-value
UA-PI
1.19 
(1.04–1.33)
1.06  
(0.92–1.21)
<0.001
1.39 
(1.16–1.90)
0.99 
(0.85–1.18)
<0.001
MCA-PSV
30.23 
(24.65–40.09)
29.31  
(24.75–39.36)
0.907
39.22 
(29.23–44.39)
34.91 
(28.29–43.14)
0.029
MCA-PI
1.49 
(1.32–1.68)
1.53 
(1.36–1.70)
0.175
1.43 
(1.30–1.67)
1.64 
(1.49–1.89)
<0.001
CPR
1.24 
(1.02–1.61)
1.48 
(1.18–1.81)
0.004
1.12 
(0.75–1.34)
1.72 
(1.33–2.17)
<0.001
VI 49.96±13.31 59.63±14.27 <0.001 41.29±15.64 58.15±15.14 <0.001
FI 37.17±5.00 40.22±4.78 <0.001
32.08 
(28.37–37.45)
40.04 
(36.72–44.36)
<0.001
VFI 18.93±6.61 24.80±7.42 <0.001
12.80 
(8.89–16.93)
22.49 
(17.78–28.82)
<0.001
Table 2. Conventional Doppler and 3DPD utero-placental perfusion characteristics between the smaller and larger fetuses.
VI – vascularization index; FI – flow index; VFI – vascularization flow index; UA-PI – umbilical artery pulsatility index; MCA-PSV – middle 
cerebral artery peak systolic velocity; MCA-PI – middle cerebral artery pulsatility index; CPR – cerebroplacental ratio. The data are 
presented as the mean ± standard deviation or as median (interquartile range).
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No significant correlations were observed between the GA at 
scan and the discordances [VI (r=0.186, p=0.140), FI (r=0.011, 
p=0.932), VFI (r=0.232, p=0.065), UA-PI (r=0.050, p=0.695), 
MCA-PSV (r=–0.083, p=0.517), or MCA-PI (r=0.182, p=0.150), 
CPR (r=0.062, p=0.625)].
By bivariate correlation analyses, the discordances of the 
VI (r=0.358, p<0.001), FI (r=0.219, p=0.005), VFI (r=0.394, 
p<0.001), UA-PI (r=0.344, p<0.001), MCA-PI (r=0.510, p<0.001), 
CPR (r=0.470, p<0.001), and CRL (r=0.373, p=0.003) were as-
sociated with birthweight discordance. The MCA-PSV discor-
dance was not associated with the birthweight discordance 
(r=0.174, p=0.053).
To identify the predictive indices for sGR, conventional Doppler 
and 3DPD utero-placental perfusion discordances, as well as 
CRL discordance, were included for univariable and multivari-
able logistic analysis. A backwards stepwise logistic regres-
sion analysis identified that only the CPR discordance and 
FI discordance were independently associated with sGR (all 
p<0.001). The ROC curves showed that the FI discordance 
and CPR discordance had predictive accuracy for sGR, with an 
area under the ROC curve of 0.782 [95% confidence interval 
(CI): 0.699–0.851] and 0.717 (95% CI: 0.629–0.794), respec-
tively, with a sensitivity 80.00% and 71.67%, respectively, and 
a specificity of 67.19% and 68.75%, respectively. When com-
bining the FI discordance with the CPR discordance, a sensi-
tivity of 68.33% and a specificity of 85.94% with the area un-
der the curve of 0.832 (95% CI: 0.733–0.877) were observed 
(Figure 3). By pairwise comparison of ROC curves, no superi-
or predictive value was observed in the FI discordance when 
compared to the CPR discordance (p=0.282). However, com-
bining the FI and CPR discordance showed an incremental val-
ue compared to either alone (combination vs. FI discordance, 
p=0.040; combination vs. CPR discordance, p=0.003).
In this study, analyses of the inter- and intra-observer vari-
ability of the VI, FI, and VFI were conducted and demonstrat-
ed good reproducibility. The intraclass correlation coefficients 
for the VI, FI, and VFI were 0.994, 0.989, and 0.967, respec-
tively, and the interclass correlation coefficients were 0.993, 
0.923, and 0.967, respectively.
Discussion
In the present study, real-time utero-placental perfusion and 
the discordances were detected by both 3DPD and convention-
al 2D Doppler in normal MCDA twin pregnancies and pregnan-
cies complicated with sGR. Our results showed that the small-
er twins presented decreased 3DPD perfusion indices prior to 
Characteristics Controls	(n=64) sGR	(n=60) P-value
UA-PI discordance (%)  10.51 (–5.42–22.38)  24.10 (10.47–41.51) <0.001
MCA-PSV discordance (%)  –.20 (–18.54–14.15)  11.16 (–9.96–20.15) 0.114
MCA-PI discordance (%)  3.13 (–9.51–13.78)  11.46 (–3.82–23.95) 0.016
CPR discordance (%)  12.89 (–10.64–32.70)  36.16 (15.50–45.96) <0.001
VI discordance (%)  14.81±18.71  28.26±22.61 <0.001
FI discordance (%)  7.62 (–0.47–16.43)  20.42 (13.83–28.25) <0.001
VFI discordance (%)  21.30±23.57  41.70±21.15 <0.001
Table 3. Conventional Doppler and 3DPD utero-placental perfusion discordances between the control group and the sGR group.
VI – vascularization index; FI – flow index; VFI – vascularization flow index; UA-PI – umbilical artery pulsatility index; MCA-PSV – middle 
cerebral artery peak systolic velocity; MCA-PI – middle cerebral artery pulsatility index; CPR – cerebroplacental ratio. The data are 
presented as the mean±standard deviation or as median (interquartile range).
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Figure 3.  Receiver operator characteristic curves. Receiver 
operator characteristic curves of the cerebroplacental 
ratio (CPR) discordance, flow index (FI) discordance, 
and their combination for identifying selective growth 
restriction.
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diagnosis of sGR, and significant decreases in 3DPD and con-
ventional fetal Doppler indices were found in sGR twins. The 
discordances of the 3DPD and 2D Doppler indices were as-
sociated with birthweight discordance, and were higher in 
the sGR group compared to the controls. The FI discordance 
and the CPR discordance showed predictive accuracy for sGR. 
Moreover, their combination showed a better predictive accu-
racy. It is well known that sGR “predicts” poor perinatal out-
come, both short-term and long-term. sGR might be, in a wid-
er sense, an alternative endpoint, and the primary endpoint 
should be perinatal outcome if one considers the overall wel-
fare of MCDA twins. There were no clear links for the predic-
tive value for perinatal outcomes of the present data, but a 
theoretical foundation for early diagnosis of sGR was provid-
ed, which may improve perinatal outcome indirectly.
MCDA twin pregnancies have unique placental anatomy, with 
the fetal circulations conjoined in a single placenta. sGR is an 
adverse outcome of unequal placental “territory sharing” and 
inter-twin vascular anastomoses [21,22]. Abnormal PCI site is 
very common (66.4%) in MCDA twin pregnancies and is known 
to be strongly associated with sGR [20]. However, in this study, 
no significant difference in PCI site was observed between con-
trols and sGR twins, suggesting that although the discordant 
PCI is very common in twin pregnancies, it is non-specific to 
sGR. Since the etiology of sGR lies in understanding the im-
pact and effects of the utero-placental perfusion on fetal well-
being, detecting the placental vasculature and interdependent 
fetal circulation is crucial. Therefore, quantification of the re-
al-time utero-placental perfusion in sGR is worth exploring.
In our study, VI, FI, and VFI derived by 3DPD could sensitive-
ly depict the subtle changes of utero-placental perfusion with 
subtle birthweight discordance prior to a diagnosis of sGR, 
while MCA and DV were less sensitive in predicting deterio-
ration. This may be explained by the fact that 3DPD is capa-
ble of evaluating small vessels with low flow velocity without 
angle dependence, which is a proven strength of 3DPD over 
conventional flow assessment [23]. The results of this study 
are consistent with those of a previous study conducted by 
Sun et al. [17], which used 3DPD to monitor the placental per-
fusion of sGR twins and found that the vascular indices of VI, 
FI, and VFI could sensitively display the varying degrees of 
change in the placental perfusion.
A recent study investigating the placental vascular indices be-
tween normal MCDA and dichorionic-diamniotic twin pregnan-
cies reported a strong linear correlation between the placen-
tal vascular indices and birthweight in both twin groups [24]. 
In our study, a significant relationship was observed between 
the birthweight discordance and the co-twin utero-placental 
perfusion discordance as assessed by both 3DPD and con-
ventional Doppler, which was unaffected by GA. This suggests 
that sGR might be better evaluated by assessing co-twin dis-
cordance rather than by the exact perfusion indices alone, as 
the conventional Doppler indices may be GA-dependent, al-
though the 3DPD vascular indices did not change with GA in 
our study. Together, our results suggest that 3DPD vascular 
indices might be sufficiently predictive for the early detection 
of co-twin birthweight discordance.
Additionally, the FI discordance and CPR discordance were cor-
related with the birthweight discordance and showed predic-
tive accuracy for sGR. The FI discordance, representing unbal-
anced blood transportation, accurately distinguished sGR from 
twins with normal growth. This may be explained by the small-
er twin suffering from unbalanced placental hemodynamics, 
leading to a significant reduction in the amount of transported 
blood cells. The CPR has been reported as an excellent marker 
of fetal compromise, and, in particular, is secondary to the pla-
cental insufficiency and hypoxemia [25]. Moreover, our result 
demonstrated that CPR discordance combined with FI discor-
dance showed a better predictive accuracy for sGR, suggesting 
that their combination has an incremental value and may be 
used for early detection in pregnancies with a high risk of sGR.
The results from this study showed no association between 
the utero-placental perfusion and the GA, suggesting that the 
number of vessels and the blood flow may increase proportion-
ally to the placental volume, thus maintaining a constant ute-
ro-placental perfusion throughout gestation. This result was 
contradictory to some previous studies [17,26], but consistent 
with other recent findings [10,27,28]. The contradiction may 
be explained by the lack of uniform standards used to mea-
sure placental perfusion, especially the sample volume and 
sample numbers. In our study, because completely separating 
the placental territories was too difficult, the utero-placental 
perfusion surrounding the 3–5 cm area of the umbilical cord 
insertion was used to represent the entire placenta, and this 
method demonstrated valid reproducibility. Overall, the liter-
ature [9] supports sampling the entire area of the visualized 
placenta when possible, which is in agreement with our study.
The strengths of our study include our comparison group and 
the novel, non-invasive, and economical modality for real-time 
quantification of the maternal utero-placental perfusion. 3DPD 
acquisition, which only takes 5 to 15 s, can be promptly and 
easily performed by a sonographer. The time cost for analysis 
would be less with increasing proficiency, although the VOCAL 
technique used for data after analysis required time and ex-
pertise. To the best of our knowledge, this is the first study to 
quantify the maternal utero-placental perfusion and the co-
twin utero-placental perfusion discordance assessed by both 
3DPD and conventional Doppler. In the future, 3DPD ultrasound 
with VOCAL technique might be used as a promising screen-
ing tool in high-risk populations of sGR.
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Certain limitations also exist in the present study. First, there 
was no assessment of the impact of the placental location on 
the 3DPD utero-placental perfusion results because a reduction 
in each index occurs as the distance between the transducer 
and the vessel increases [29], although other studies [11,27] 
showed no association between the placental vascular indi-
ces and placental position. Second, we did not evaluate the 
utero-placental perfusion in the first trimester because iden-
tifying the main stem of the placental tertiary villi by 3DPD in 
the first trimester remains challenging. In fact, early budding 
of the intermediate villi can be seen using 3DPD at 18 weeks 
of gestation [30]; therefore, we investigated the intermedi-
ate villi after 18 weeks of gestation. Finally, we just analyzed 
the data at the time of first diagnosis of sGR at our center (a 
tertiary referral center for the care of complicated twin preg-
nancies). However, most pregnancies with sGR were referred 
from other hospitals, so we could not collect the actual first-
time 2D Doppler and 3DPD utero-placental perfusion data or 
the serial data. On the other hand, this design leads to the in-
herent risk of selection bias and the high prevalence of sGR.
Conclusions
In conclusion, MCDA twin pregnancies with birthweight discor-
dance presented utero-placental perfusion deterioration pri-
or to diagnosis of sGR. Co-twin utero-placental perfusion dis-
cordance was related to the growth discordance, and it was 
more predictive of sGR when 3DPD was combined with con-
ventional Doppler. The measurements run in our study pro-
vide a theoretical basis for early diagnosis and better manage-
ment of sGR, such as determining the timing of termination of 
pregnancy, and selecting women who need closer monitoring. 
The value with respect to clinical management and evaluat-
ing the prognosis is the subject of an ongoing investigation.
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